Muscular ventricular septal defect (mVSD) transcatheter occ l usion technique is an established and preferred treatment modality and has become an alternative to surgery under extracorporeal circulation. But in small infants with large size of delivery assembly visàvis small size of vessel caliber, it becomes not only technically challenging, but also pos sesses serious procedurerelated complications. Perventricular device closure of such VSD on beating heart is an alternative. In this study, we aimed to present the role of intraoperative transesophageal echocardiography (TEE) in successful per ventricular closure of mVSD in a small infant.
INTRODUCTION
Ventricular septal defect closure by percutaneous transcatheter closure techniques is now an established and preferred technique for mVSD closure. [1] [2] [3] [4] [5] [6] [7] However, small infants with low weight or poor vascular caliber percutaneous device closure can be technically difficult and may lead to serious vascular complications. Hybrid procedures in mVSD closure combine surgical exposure and device intervention. 8 Intraoperative TEE plays an important role in such hybrid techniques. This report presents successful device closure of an mVSD by perventricular approach on beating heart using Amplatzer mVSD occluder device in a child 11 months old weighing 7 kg under continuous TEE guidance.
CASE REPORT
An 11-month-old female baby presented with failure to gain weight and recurrent respiratory infections; on physical examination, there was grade II/VI systolic murmur. Transthoracic echocardiography (TTE) revealed dilated left ventricle with 10 mm mid-mVSD (Fig. 1 ). There was no other associated cardiac anomaly. She was scheduled for perventricular closure of the mVSD on beating heart with a 12 mm mVSD Amplatzer occluder device (AGA Medical Corporation, Golden Valley, Minnesota). The procedure was successfully performed without any complications under balanced general anesthesia under continuous TEE monitoring. After median sternotomy, a purse-string suture was placed around the carefully chosen right ventricular (RV) puncture site as guided by TEE. The exact puncture site on free RV wall is important in this procedure which can be done by intraoperative TEE imaging. In this case, the puncture site on free RV wall was guided by producing gentle indentations on free RV wall by surgeon. At first, the distance of mVSD from the apex is measured in midesophageal (ME) 4-chamber view which gives the sagittal plane for puncture site on RV free wall. After this, the lateral to medial plane of puncture site was marked by guiding surgeon in transgastric mid-papillary short axis (TG SAX) view.
Injection heparin 1.5 mg/kg was given before the puncture was made. An 18-gauge needle was inserted in RV at the chosen site and a guide wire was passed through the VSD into left ventricular (LV) cavity under TEE guidance. An 8 mm Mullin short introducer sheath was passed over the wire into the LV cavity. The appropriate device size was chosen to be 2 mm larger than the VSD size as assessed by TEE. The device was advanced inside the short delivery sheath until it was seen by TEE to be close to the tip of the delivery sheath. The 12 mm device was introduced and LV disc was deployed in the mid-LV cavity. The sheath was withdrawn until the device was placed across the interventricular septum (Fig. 2) . Continuous TEE to confirm the device position is of paramount importance. The TEE was performed to confirm device placement, assessment of residual shunting, and any obstruction or regurgitation induced by the device across tricuspid valve or mitral valve. Trachea was extubated after 2 hours and the child had uneventful recovery. On follow-up TTE before discharge, after 1 and after 3 months, there was no sign of shunt across the interventricular septum or device. After surgical exposure of the anterior free wall of the right ventricle, the puncture site is identified by indenting the RV free wall under continuous TEE monitoring (A), to ensure that the puncture site is perpendicular to the defect and free of internal cardiac tissue. The guidewire is introduced into the RV and then through the defect to the LV (B). A delivery sheath is advanced into the LV over the guidewire (C). By pushing the device cable forward, the LV disk is deployed first (D)
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DISCUSSION
Conventionally, children with persistent small mVSD are subjected to percutaneous device closure at preschool age and the infants with large mVSD are managed surgically. 9 Percutaneous transcatheter closure of mVSDs is a well-accepted procedure. Percutaneous closure of mVSDs in small infants with low weight is not only technically difficult but also imposes increased risk of procedurerelated complications due to relatively large delivery sheaths. 3, 4, 6, 7 However, the transcatheter closure using mVSD Amplatzer device also requires the use of large venous sheaths for device delivery, and exposes small infants to the risk of peripheral vascular injury and intervening cardiac structure damage. Although surgery is the preferred method, cardioplegic arrest and right ventriculotomy for mVSD may increase the chances of
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complications associated with cardiopulmonary bypass, long procedure time, and ventriculotomy. Also the surgical approach from the right side of the heart does not allow for adequate visualization, and this is related to significant residual of the VSD shunt. 10 An intraoperative perventricular procedure is a preferred option for closure of mVSDs in small children with or without associated cardiac anomalies. 8 Because of its unique anatomy, RV requires multiple image planes for accurate marking of puncture site. The most useful TEE scan planes for RV include ME 4-chamber view, ME RV inflow outflow (ME RV IO) view, and TG SAX view. The ME 4-chamber view allows evaluation of apex, mid, and basal segments of RV free wall. The measured distance of mVSD from apex of the heart in this view guides the surgeon for the puncture site in sagittal plane using apex as the external landmark (Fig. 3A) . The ME RV IO view is not helpful as it represents diaphragmatic portion of the RV wall and infundibulum. Also we cannot visualize mVSD in this view. The TG SAX view is obtained in horizontal scan plane with tip of the probe in stomach and anteflexed. Slight rightward rotation of the probe helps in viewing RV in center of the image screen. In this image, we can pinpoint the location of the puncture site from medial to lateral axis or transverse plane (Fig. 3B) . Simultaneously keeping both the mVSD and indentation in RV free wall by surgeon in one image in two orthogonal planes will help in identification of correct placement of RV puncture.
Irrespective of weight, these infants can undergo perventricular VSD closure if they are not candidates for percutaneous approach. Large mVSDs can be closed successfully by a one-stage repair via sternotomy under continuous TEE guidance. 
CONCLUSION
The TEE-guided perventricular device closure is a safe and effective method for closure of mVSDs. This hybrid technique under TEE guidance can be utilized to close mVSDs even in small babies without the need for exposure to X-rays.
